Objectives. Although the hepatitis C epidemic in the United States disproportionately affects correctional populations, the last national estimates of seroprevalence and disease burden among these populations are more than a decade old . We investigated routine hepatitis C surveillance conducted in state prison systems and updated previous estimates .
Hepatitis C virus (HCV) is the most common chronic bloodborne pathogen in the United States, both in the general population and among prisoners. National Health and Nutrition Examination Survey (NHANES) data from [2003] [2004] [2005] [2006] suggested an overall anti-HCV serum antibody prevalence (seroprevalence) of 1.3% among household-dwelling populations. 1 Others have suggested that the national seroprevalence may be closer to 2.0% after adding prisoners, homeless people, and other populations not sampled by NHANES. 2 However, enrollment in NHANES requires several months of housing stability, 3 so people with unstable or intermittent housing at any time during a given year are unlikely to participate. Thus, the number of infected people not in households during a period of time, rather than at a single point, should be added to the national seroprevalence estimate.
Unsafe injection practices, including injection drug use, are the primary risk factors for HCV infection in the general population. 4 National HCV prevalence is greater among men than women, and among non-Hispanic black people compared with non-Hispanic white people. 1 Prevalence peaks among individuals born between 1945 and 1965. 5 HCV infection disproportionately affects those who have been in jails and prisons. Although men (compared with women) and black people (compared with white people) are disproportionately incarcerated, the most likely cause for this infection rate disparity is injection drug use, which is both a risk factor for the disease and a criminal behavior. 6 Hammett et al. estimated that correctional populations in 1997 accounted for 29.4%-43.2% of the total U.S. hepatitis C case burden. 7 In 2003, the Centers for Disease Control and Prevention (CDC) reported that 16%-41% of inmates had serological evidence of prior HCV exposure, based on data derived from eight states. CDC also estimated that correctional populations bore 39% of the disease burden. 8 The 1976-1980 birth cohort currently comprises the largest proportion of state prison, federal prison, and local jail populations. 9 As the birth cohort with peak HCV prevalence ages out of crime-prone years, its contact with the criminal justice system will decline. Hence, the prevalence of HCV among correctional populations should fall. Two states included in the 2003 CDC analysis have since updated their seroprevalence estimates and both demonstrated declines. In Rhode Island, a sampling of prisoners in the mid-1990s showed an HCV seroprevalence of 37%, 10 but seroprevalence dropped to 23% from 1998 to 2000. 11 In California, seroprevalence dropped from 41% of entering inmates in 1994 12 to 34% among a small cohort of entrants tested in 2001. 13 It has been estimated that 65%-75% of people with viral hepatitis are unaware of their status. 14 Inmates are likely to be at the upper end of this range. 15 Correctional facilities have represented rich sources for case finding. Once identified, new cases can be directed to treatment programs either in prison or the community. The need to initiate treatment before release for each case is contingent upon multiple factors. One determinant is whether the expected duration of incarceration is longer than the time required for treatment, which is currently one year but becoming shorter. 16 Prison health-care planners would benefit from up-to-date information regarding the number of hepatitis C infections in their systems. Currently, the U.S. lacks data on the prevalence of HCV among prisoners and the share of the epidemic borne by incarcerated individuals since the last national estimates were derived a decade ago. 7, 8 We investigated routine HCV surveillance conducted in state prison systems to update estimates of the national prison HCV seroprevalence and the share of the epidemic borne by inmates and releasees. We hypothesized that HCV prevalence was falling nationwide among prisoners and that imprisoned populations represented a reduced share of the hepatitis C epidemic.
MetHoDS

Estimation of total size of population, incarcerated and at liberty
We selected the year 2006 as our target year to take advantage of an incarcerated population size estimate calculated for another study; 17 it was also the midpoint in the range of years for which state prison data could be obtained. The size of the noninstitutionalized population was taken from U.S. Census Bureau estimates. From the literature, we found data on the population size in active military duty, in nursing homes, and among the homeless. Estimates were adjusted to account for people who may have been both incarcerated and homeless at various points during the year.
Prevalence of antibody to hepatitis C
We conducted a cross-sectional study of medical directors, or their equivalents, representing correctional departments for all 50 U.S. states from November 2011 to February 2012 through an online SurveyMonkey ® survey. 18 Participants were contacted by e-mail and provided with background information and a hyperlink for the consent form and survey. The survey asked if routine, non-targeted HCV screening had been performed since 2001. If so, it asked whether entrants, stock populations, or both had been tested; the number screened for hepatitis C antibody; the number testing positive; and the time period for screening. If no survey response was recorded or data were incomplete, follow-up investigations were conducted via e-mail or telephone interview to request the same information.
We estimated the average daily population (ADP) in 2006 for each state correctional department using Bureau of Justice Statistics stock population data for mid-year (June 30) 2006. 19 Where participants provided multiple seroprevalence observations, we assumed the observation closest in date to 2006 (preferentially selecting earlier dates) as the state's inmate HCV seroprevalence in subsequent analyses.
We predicted the number of cases in 2006 for each state conducting routine screening using its respective seroprevalence and ADP data. We obtained a weighted national prison HCV seroprevalence estimate for 2006 by dividing the sum of predicted cases by the sum of ADPs among reporting states. To estimate the range boundaries for this point estimate, we applied the maximal and minimal observed inmate HCV seroprevalences, respectively, to the prison ADP for each non-reporting state, and divided the sum of predicted cases among all 50 state prison systems by the total 2006 state prison ADP.
To determine the burden of chronic hepatitis C cases borne by correctional populations, we estimated the total number of U.S. hepatitis C cases. We used 2003-2006 NHANES data to estimate HCV infection seroprevalence among noninstitutionalized U.S. citizens aged 6 years 5 and multiplied it by U.S. Census Bureau estimates of the 2006 population size aged 6 years. 20 We assumed that homeless populations were excluded from this population size estimate due to Census methodology. To predict the bounds of the non-incarcerated homeless population size for 2006, we used a reported annual prevalence estimate of individuals spending at least one night in an emergency shelter or transitional housing program and divided this number by the percentage of homeless people estimated to be sheltered during that year. 21 From this estimate, we excluded range estimates for the percentage of homeless people with a history of incarceration [22] [23] [24] to predict the number of non-incarcerated homeless individuals in 2006.
We used population size and HCV seroprevalence estimates for citizens in active military duty 25, 26 and in nursing homes 27,28 to predict respective numbers of HCV cases for these groups. For correctional populations, using the methodology of previous studies, 7, 8 we assumed that our HCV seroprevalence estimate obtained from state prisons could be applied to jails and federal prisons, given comparable sex, race/ ethnicity, and drug-use demographics. 7, 29 The burden of total HCV cases borne by incarcerated populations was determined as the percentage of total predicted U.S. HCV cases in 2006. We calculated burden ranges assuming either the point estimate or the widest bounds for the estimated national inmate HCV seroprevalence.
Where state correctional departments reported conducting routine HCV screening at multiple points from 2000 to 2012, the median and range of seroprevalence estimates were calculated, and all observations were plotted to examine for trends in inmate HCV seroprevalence.
We performed data analysis and produced trend graphs for longitudinal data using Microsoft ® Excel 2010. We used ArcGIS ® version 10 to produce seroprevalence maps with Jenks method classification. 30 reSultS
Survey participants
All 50 U.S. state correctional departments responded to our survey or were reached via telephone or e-mail correspondence. Twelve states reported conducting routine HCV screening at least once since 2001 among entrants or stock inmate populations ( Table 1) .
Size of U.S. population incarcerated and at liberty
Unique adults incarcerated at any point in 2006 numbered 10,676,027; approximately 9 million of these adults spent part of the year outside of a facility. 17 Our assumed point estimate from U.S. Census Bureau data of the 2006 total noninstitutionalized, non-homeless population aged 6 years was 268,431,091. 20 In considering the homeless population, 1,588,595 individuals were estimated to have spent at least one night in an emergency shelter or transitional housing program from October 2006 to September 2007. On a given night in January 2007, 58% of the total observed homeless population was sheltered. 21 Hence, the total homeless population was estimated at 2,727,019 during a one-year period. To minimize double counting, we estimated the number of people likely to have been both incarcerated and homeless during a one-year period. Our assumed range estimate for the percentage of homeless people with a history of incarceration was 23%-60% (data not shown). [22] [23] [24] National hepatitis C seroprevalence among state prisoners Among those state correctional departments performing routine screening, observed HCV seroprevalence ranged from 9.6% to 41.1% ( Figure 1 , Table 1 ). We used HCV seroprevalences for all 12 states and their respective prison ADPs to estimate the U.S. national HCV seroprevalence in state prison systems for 2006. Across these states, we predicted a total of 45,475 hepatitis C cases from a combined prison ADP of 261,016. Hence, our point estimate for national prison inmate HCV seroprevalence in 2006 was 17.4% (Table 2) . To obtain the widest bounds for this point estimate, we applied the most extreme observed HCV seroprevalences from our dataset (9.6% in Nebraska and 41.1% in New Mexico, Table 1 ) to each of the 38 states where no routine HCV screening was performed. Using a total state prison ADP estimate of 1,367,155, we predicted 151,661-500,098 hepatitis C cases in 2006, corresponding to a national prison inmate HCV seroprevalence range of 11.1%-36.6% (data not shown).
Number of hepatitis C cases nationally
NHANES data from 2003-2006 predicted the HCV seroprevalence among the U.S. civilian noninstitutionalized population aged 6 years at 1.3%, 1 which translates to 3,489,604 hepatitis C cases in 2006. Credible reports of HCV seroprevalence among the non-incarcerated homeless population ranged from 22.2% to 52.5%. 2 Hence, we estimated a range of 242,159-1,102,398 hepatitis C cases in this population in 2006 ( Table 2) .
Burden of hepatitis C cases borne by correctional populations
We calculated the burden of HCV infection borne by correctional populations in 2006 using our estimates of the number of HCV-positive cases among institutionalized and noninstitutionalized populations. U.S. citizens enlisted in active military duty, residing in nursing homes, or detained in correctional facilities were excluded from the NHANES study population and U.S. Census Bureau noninstitutionalized population estimates. We used prior HCV seroprevalence estimates for active military duty (0.5%) and nursing home populations (4.5%), as well as our national prison inmate HCV period seroprevalence (17.4%), to estimate the number of cases among each respective population. We predicted 1,857,629 inmate hepatitis C cases in 2006 ( Table 2) .
Pooling our estimates, we predicted a total of 5,663,189-6,523,428 hepatitis C cases, representing a national HCV seroprevalence of 2.0%-2.3%. Therefore, the share of U.S. hepatitis C cases borne by correctional populations was estimated at 28.5%-32.8% ( Table 2) . 
Trends in HCV infection in state prison systems
We obtained longitudinal data on HCV seroprevalence from correctional departments in eight of the 12 states performing routine HCV screening for the period 2000-2012, including sex-specific seroprevalence data where provided (Table 3 , Figure 2 ).
DiScuSSion
Our point seroprevalence estimate of hepatitis C among U.S. correctional populations in 2006 was 17.4%, based on a range of 9.6%-41.1% among 12 states from 2001 to 2012. The lower bound of this range was below that reported by CDC in 2003. 8 Two of the eight states (New York and Maryland) whose data contributed to the CDC report provided us with data showing a declining seroprevalence. 31 Two of the other eight states (Rhode Island and California) reported declining seroprevalence soon after the CDC analysis, but neither had conducted systematic surveillance since 2001. Among eight states performing multiple years of routine HCV screening, a general pattern of declining seroprevalence was apparent from longitudinal data in all states and genders, except men during a one-year period in New Mexico.
Despite this decline, HCV infection still disproportionately affects U.S. correctional populations. Using updated seroprevalence estimates, our best estimate of the proportion of hepatitis C cases represented by jail and prison inmates in 2006 was 28.5%-32.8%, which is lower than the previous estimate by CDC of 39%. 8 Our national HCV seroprevalence estimate of 2.0%-2.3%, which considered the size of the population moving through correctional facilities during a one-year period, 32 may be more accurate than the estimate from Chak et al. 2 In addition to our national inmate HCV point seroprevalence estimate, we obtained an estimate of the seroprevalence range by applying either of the most extreme observed values (9.6% in Nebraska and 41.1% in New Mexico) to all 38 states not reporting routine screening. Our maximum-prevalence model yielded a burden range estimate of 45.6%-50.7%, which suggested that in the most extreme scenario, the share of hepatitis C cases among inmates has increased substantially since 1997 (from 29.4% to 43.2%). 7 However, the New Mexico correctional population was an outlier in our dataset (with an inmate HCV seroprevalence estimate that was 1.77 times greater than the next highest state, Oregon), which may reflect population-specific HCV 5 hepatitis C social or behavioral factors such as intergenerational injection drug use. 33 The 2011 U.S. Food and Drug Administration approval of new direct acting agents (DAAs) has multiple implications for the treatment of hepatitis C in correctional settings. Although more effective, these DAAs may increase the cost of treatment by up to $50,000 per patient treated. 34 Accurate estimates of the size of the infected population will be useful for estimating the potential number of treatment candidates, and, therefore, the potential cost of the new medications to correctional systems. Our data suggest that the prison pool size for the new therapeutic options may be smaller than what previous estimates had indicated. This study should encourage states that have not recently conducted routine screening to reassess the seroprevalence of HCV in their respective correctional systems. If prison systems performed a universal, one-time surveillance of stock populations, they would gain a better understanding of their current HCV prevalence. Viremia is likely present in threequarters of people with hepatitis C antibody. 8 DAAs have improved the likelihood of curing genotype 1 HCV, the most common genotype of hepatitis C in prisons. 35 As treatment regimens evolve, the length of treatment is diminishing. 16 If future agents have even shorter treatment times, prison systems may treat some inmates whose shorter sentences would previously have precluded treatment completion while in prison. Although jail sentences are typically less than one year long, eventually jails may also treat some sentenced inmates if antiviral regimens become sufficiently brief.
Limitations
This study was subject to several limitations. One limitation was that few states have recent data on prison-wide HCV seroprevalence. Only four states had surveillance data spanning the target year of 2006. Only 12 of 50 states conducted universal HCV screening from 2001 to 2012. Nonetheless, having 12 states contribute data to the HCV seroprevalence estimate provided us with a larger sample size than the eight states contributing data to the HCV seroprevalence estimate in the prior CDC report. 8 Prisoners in the many states without data Another limitation was that our HCV seroprevalence and burden estimates within the U.S. correctional systems were not standardized by age, race, and gender to reflect the composition of missing states. However, across all states, correctional populations remain predominantly male, young to middle-aged adults, and black people are disproportionately incarcerated. 37 A further limitation was that we applied our statespecific prison estimates to jails and federal prisons to obtain HCV seroprevalence and burden estimates for the entire U.S. correctional population based on established methodology. 7 Expansion of routine screening programs nationwide would improve the calculations of HCV antibody prevalence and burden among correctional populations. Nonetheless, compared with previous reports, our study captured greater diversity in the geographic location, prison ADP, and observed HCV seroprevalence, strengthening our estimation of the national HCV inmate seroprevalence. Most state systems that surveyed for HCV tested entrants only and did not measure stock population seroprevalence. Conversely, because the entrants of one year will comprise part of the stock for subsequent years, the general decline in seroprevalence seen during the observation period portends a decline in seroprevalence among the stock population overall.
As in the 2003 CDC report, we accepted surveillance periods that differed by state to maximize the number of data points, but using this range of dates limited our precision in estimating the 2006 national inmate seroprevalence. We restricted the recall period to 2001-2012. We based our estimate for the homeless population on people spending at least one night in an emergency shelter or in a transitional-housing program during a given year, although it was adjusted for the non-sheltered homeless population. A final limitation of this study was the potential overlap between the NHANES population and the incarcerated population; however, we believe the magnitude of this potential error was minimal.
concluSionS
Our results provide an updated estimate of HCV seroprevalence in the U.S. and suggest that correctional populations bear a declining, but still sizable, share of the epidemic. We present a new point estimate of the HCV seroprevalence among individuals in the criminal justice system that is at the low end of a previously published range. Our updated findings may assist future studies in projecting the costs and benefits of providing new hepatitis C treatment options in correctional systems.
The study protocol was submitted to and deemed not to meet the definition of research involving human subjects by the Institutional Review Board of Emory University in Atlanta, Georgia.
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